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FOREWORD 



The research described In this interim report was made possible by a Title 
VII grant izider the National Defense Mucatlon Act of 1958, grant ntamber 7-36-120. 
The title of the project is; "Instructional Techniques for Ijoaprovlng Student 
Understanding of Principles Illustrated in Ttelevlsed Science Demonstrations." 
Accon^llshments to date reflect contributions made by a number of people Including: 
Arthur A. Lumsdalne who provided critical comments during pl anning phases of this 
project; Ronald Ernst who helped In the development of experimental materials; 
David J. KLaus Margaret Saraways who provided editorial comment on programmed 
verbal materials used in this project; Harris He Sbettel who provided editorial 
comment on programmed visual materials used in this project; and, particularly , 
Robert Glaser who provided critical comment during all phases of the project and 
who reviewed a draft of this report. 

This Interim report provides a preliminary account of an initial eaqoeriment 
on the programming of visual demonstrations. It also provides some tentative, 
more general considerations on the role of visuals in verbal learning. Final 
reports will continue this discussion in more complete detail as well as describe 
the results of additional experiments suggested by it. 



George L. Gropper 
August 1962 



abstract 



Ereiumnary jiropoBalB have been offered concerning the role that visuals mltSit 
play in facilitating student understanding of verbal concepts , Two contrasting 
uses of visuals designed to achieve that objective were described: First, visuals 

can be used to cue and to reinforce verbal responses . Jh this manner, verbal 
responding can be Irrought under the explicit control of visual stimuli, thereby 
facilitating student acquisition of a verbal repertoire. Second, visuals can 
also be used to provide for e^cit control over student practice of visual dls- 
crimnatlons. Krogrammed visual demonstrations can require the practice of 
appropriate visual discriminations that lead to student acquisition of abstract 

concepts « 

to experiment was conducted to assess the feasibility and effectiveness of 
this second approach. A purely visual demonstration on Archimedes' law was pro- 
grasmed. A purely verbal lesson on the same lesson content was also programmed. 
Seventh and eighth 8f«l« students saw both versions of the lesson over closed- 
circuit IV with different groins seeing the two versions In different orders. 
Active and passive versions of both lessons were also used. 

Krellmlnary results for this e:qperiment were based on achievement test scores 
obtained on tests administered: (a) immediately after students saw either the 

visual or the verbal lessons (b) Unedlately after students saw both versions, 
with the order of presentation varying among groups; and (c) on a delayed basis 
about two to three weeks later. Results were as foUows: 

1, Visual YSe Verbal Programs 

— students wbo etched either the visual program or the 
verbal program made significent gains in achievement; 
both groups made gains of approximately 29 ^; on the 
total test score there vas no significant difference 
between these two groups. 
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— out visual or plctorieQ. items on the test, ttie group vhich 
had Hatched the visual program made gains of 2^ as 
against the lO^t made hy the group vhich had Hatched the 
verbal program. 

— on the verbid items in the test, hi£^ IQ students in the 
verbal group made gains of 37^ c^ga ins t gedLns of only 
19J& made by high IQ students in the visual groiq?. 



2. Visual/Verbal vs. Verbal/Visual Order 

— students nho Hatched both lessons in the visual/verbal 
order made gains on total test scores of approximately 
1|0^ as ageiinst only 22^ for students nho sav botb 
lessons in the reverse order. 



3. Active vs. Bassive Response 

— - students Hho saw both lessons in the visual/ 

verbal order, those nho viewed the active response 
vision awA retained significantly hi ^er ga in s 
on achievement test scores than did those Hho viewed 
a passive version. On the verbal items of the delayed 
test, the active response group made gains of a]pproK- 
Inately 6^ as against only 2Q$ made by the passive 
response groups 



Ihe results of this experiment were Judged to be indicative of the feasibility 
desirability of porogramning visual demonstrations. Further discussion was 
offered on the nature of the optimum integration of verbal and visual materlsuL in 



demonstrations 



INTRODUCTION 



The objectives of education which require students to be able to recognize 
and recall facts or to understand principles or concepts call for behaviors that 
are essentially verbal In nature. The acquisition of knowledge in most academic 
subjects may be said to consist In the acquisition of a repertoire of such verbal 
responses. The criterion performance expected of the student typically consists 
of his ability to provide a verbal response to such verbally posed questions as: 

"What Is the capital of Japan?", "Who wrote the 'Wealth of Nations'?", or "What 
are finite numbers?". Both question and answer (or stimulus and response) belong 
to the same mode, namely, the verbal mode. 

Instruction In science, like Instruction In most other academic subjects, also 
seeks to build up a verbal repertoire \dilch can be elicited by verbally posed ques- 
tions. The student may be expected to emswer such questions as: "What Is the 

specific gravity of alcohol?", "What happens to solid objects when they are heated?", 
or "What Is the Bernoullll effect?". Instruction In science differs from Instruc- 
tion In other subject matters, social studies or languages, for example. In that 
students are also expected to provide verbal explanations for visually perceived 
physical phenomena. Here, stimulus and response terms belong to different modes. 

The Identity or non-ldentlty of modes for stimulus and response terms raise 
a number of Inportant Issues which apply not only to science Instruction. They 
apply also to other subject matters which, althou^ essentially verbal In nature, 
nevertheless use non-verbal, pictorial aids to build up verbal repertoires . These 
Issues underlie but have rarely been made explicit In much of the research that has 
been on the use of words and pictures In Instruction. Recently reviewed by 

Hartmann (l), research on words vs. pictures has been shown to have had a long 
history. This research has not, however, addressed Itself to the explicit question 
concerning the similar or possibly contrasting roles that words or pictures might 
play In shaping verbal behavior. Rather, It has addressed Itself to the relatively 
undifferentiated question of which teaches more effectively^ — words or pictures. 
Thus, this type of research does not provide systematic or analytic answers to 
questions about the proper role of words and pictures In attaining particular kinds 

of educational objectives. 






In the more limited context of paired-associate verhcG. learning^ however, 
Liimsdaine (2) and Kopstein and Roshal (3) have led the way toward a more analytic 
approach hy investigating the relative effectiveness of words and pictures in the 
stimulus and response positions. Their results Indicate the superiority of pictures 
in the stlmultis position and words In the response position. Similar analytic 
studies on the role of words and pictures In connected-discourse verbal learning, 
as in learning history or physics for example, remain to be conducted. Hie role 
and value of demonstrations In science instruction or of vIsue^. aids in other sub- 
ject matters can be properly assessed only \dien characteristics of visuals and 
the functions visuals can play In verbal learning are fully identified. 

Some of the Issues underlying the iise of visuals will be explored in brief 
and preliminary fashion in this interim report. A description iitlH also be given 
of progress to date on research currently underway \dilch seeks to provide empirical 
data on some of these Issues. Final reports in this series will provide a mcxre 
detailed analysis and will present the experimentEO. evidence bearing on problems 
briefly raised here. 



ROLE OF THE VISUAL 

An ansOysis of the role visuals ceui play in verbsJ. learning must concern 
itself with the characteristics of v1sueJ.s \diich promote effective conditions of 
learning. Visu£0.s may thus be charsusterized in terms of their differentlsQ. capsusity 
to fEWllitate the acquisition, retention, or transfer of verbELl responses. Varia- 
tions in this capacity may be SEdd to arise from the differentlEd effectiveness 
with \diich vlsuEds are used to serve as cue, discriminative stimulus, or reinforcer. 
It is in serving these customary learning functions that visuals can play a role 
in verbal learning. 



LEARIONa FUNCTIONS SERVED BT VISUALS 

Ohrouc^ associative learning verbEd responses become attached to visusdly per- 
ceived, physicEd objects or events. VisuEtl stimuli can, thus, acquire the capeu:lty 
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to elicit the particular verbal responses with which they have become associated* 
Based on such past associative learning, visual stimuli may be employed to facili- 
tate new learning through ilieir capacity to elicit the already available verbal 
responses. Once elicited these responses may then be recombined in new arrange- 
ments or be attached to new stimuli » In the course of instruction, it is often 
in^ortant to bring about such associations between available verbal responses 
and new visual stimuli. Two circumstances in which this would be the case are: 

(a) when, as in science instruction, the criterion situation consists of pl^ical 
situations to which verboJL responses are to be attached (i.e., when the student 
is expected to describe or interpret physical phenomena); or (b) vhen, based either 
on learning or logistical considerations, it is efficient to create visual-verbal 
associations in order to bring about still other, perhaps more complex associations 
(as, for example, when it mi^t appear desirable to explain a specific event before 
going on to a generalization about classes of events). 

The "meaning" physical objects and events have can be defined in terms of the 
verbal responses with which they have in the past become associated and which they 
are now capable of eliciting in either overt or covert form. It is in this sense 
that the "meaning" of visually perceived objects and events may be used to facili- 
tate learning. Visual stimuli not only have the capacity to cue particular verbal 
responses, but based on their meaning to students, can also reinforce (provide con- 
firmation for) responses they mal^e. If during instruction students are required 
to make verbal responses predicting the outcome of physical events, the physical 
events themselves can confirm the correctness of those responses. Th\is, when the 
verbal response to be made by students is "boils", water actually coming to a boll 
may serve a confirmation function similar to that provided by the printed or oral 
statement "boils" or by the verbal statement "correct." (it may be that, in both 
the confirmation sense and in the motivational sense, reinforcement by visual means 
may be more effective than telling a student he is right or giving him the correct 
response with which he may then compare his own response, lihe conparablllty (or 
ift oy of it) these modes of confirmation can, it seems plausible, be readily 

assessed by direct esqperimental confrontation.) 

Because physical objects and events have meaning or acquire meaning for stu- 
dents, they can, in addition to serving as cues and as reinforcers, also serve as 
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dlscrlmlnatlye stimuli. Physical sltmtions may provide the context within \dilch 
other stimuli, whether verbal or non-verbal, serve either as cues or as relnforcers. 
So, for example, a science demonstration may serve as the occasion for students 
practicing responses other than the responses directly associated with the events 
In the demonstration. A specific demonstration of the eisqsanslon of either a gas, 
liquid, or solid, nd^t serve as an appropriate context for the practice of, but 
obviously not the cue for, the more abstraict response: "all matter expands when 

heated." 

It appears Important that research be conducted to determine: (a) under what 

conditions and for lidiat verbsJ. learning objectives visuals are to be preferred 
over words to serve as cues, relnforcers, or discriminative stimuli ; and (b) \^at 
the properties of visual stimuli are that make them effective as vcues, relnforcers, 
or discriminative stimuli in verbal learning. 

POTENTIAL ADVANTACfflS IN THE USE OF VISUALS 

VlsTjals possess properties \dilch potentleJJy can enhance their cuing or rein- 
forcement functions. Some of the same properties may also be capable of reducing 
time requirements idilch can make Instruction mcxre efficient. Brief And preliminary 
considerations about a heULf -dozen of these properties and the cuivantages they 
promise now follow: 

1. Sampling Vlsiaal Criterion Elements 

Since transfer Is facilitated when similar elements are shared In both the 
learning and the criterion situations. It appears desirable that the visual stimuli 
which will ultimately be experienced In the criterion situation be employed In the 
learning situation whenever possible. In those subject matters, such as physics 
for example, where the physical objects and events \dilch are to be described or 
explained verbally are Integral parts of the criterion situation, there are obvious 
advantages to employing those objects and events (or representations of those 
objects and events) In the learning situation. 
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2. Making the Unobservalale Observable 

In science there are unobservable phenomena ^ich must be described, explained, 
or interpreted. It is possible by means of visual representations of an indirect, 
analogous, or arbitrary nature to present physical observable models for those 
phenomena. The availability of such models may facilitate student practice of 
appropriate verbal responses elicited and/or reinforced by properties of the 
visual model. 

3 . Making the Abstract Concrete 

Both in science and in other subject matters there are abstract concepts and 
relationships \diich have no physicsJ. referents . As in the case of unobservable 
phenomena, it is possible through visual representations to make the abstract con- 
crete, primarily by analogous or arbitrary models. If it is true, as is popularly 
believed, that it is easier to learn from concrete than from abstract materials, 
this advantage would derive from the fact that the "concrete" may outperform a 
verbal abstraction as a cue, reinforcer, or discr im i n ative stimulus. 

4 . Increasing th^ Span of Apprehension 

Vis presentations appear to be more efficient than verbal presentations in 
that they are capable of presenting more assimilable information in a unit of time 
than can be presented in verbal terms . If this more dense visual presentation has 
hi^ associative strength with the particular verbal responses to be elicited 
(and not with other potentially con^eting responses), it would seem to be prefer- 
able to a verbal presentation, if only from a logistical point of view. 

5 . Simplifying the Complex 

Not only can a visual presentation convey more information in a unit of time, 
it can also accon^lish the opposite. VIhat is often difficult or complex to des- 
cribe in words can be made more readily accessible in visual terms throu^ siinpll- 
fication. The amount of information presented in a unit of time may be reduced 
and made more assimilable through the use of appropriate visual models . 

6 . Focusing on the Relevant 

Through such pointing techniques as labeling or restricting the visual field 
or through such distortion techniques as simplification or exaggeration, it is 



- 5 - 



possiDle to focus attention on relevant features of a physical situation. Ihe cue- 
value of ^ical stimuli nay he enhanced throu^ the use of such techniques . 

Many of these advantages that visuals possess derive from the fact that in 
addition to standing for or representing themselves they can stand for or represent 
other phenomena. Ihus, an ohservahle model n^ stand for unohservahle phenomena. 

A concrete visual may stand for an ahstract concept or a sinpUfied visual can stand 
far a complex physical or conceptual relationship. 

Visuals can stand for or represent physical phenomena and also verbal state- 
ments about those phenomena. They can also stand for or represent verbal statements 
that have no concrete referent. Since visuals can represent such a variety of 
referents, it appears likely that the Igrpes of relationships between visual and 
referent are highly diverse . If visuals are to serve useful functions in facili- 
tating verbal learning, it is inportant that the nature of the relationship between 
visuals and the referents they are intended to represent be treated more system- 

atlcally. 



NATURE3 OF VISUAL REPRESENTATION 

One major dimension along i*lch the relationship between visual and referent 
may vary can be called ■•literalness." By literalness is meant the extent to rfrlch 
the visual representation reproduces or reconstructs in physical terms the 
referents denoted in a verbal proposition. Verbally described physical objects and. 
events can be literally paralleled in physical terms . Abstractione, however, cannot 
he similarly paralleled, but they are still susceptible of representation in non- 

litercQ. pihyslceQ. terms. 

Bie of literalness can be further explicated by a description of the 

following four types of visual representation: 

THvPct Renresentation : It is often desirable to represent directly in visual terms 

something that has been stated verbally. So, for exanple, in science instruction 
it ml^t be helpful to demonstrate in visual terms the physical phenomenon of a 
bi-metal bar described by the verbal statement, "the bi-metal bar bends 
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as It Is telng heated." The hending of a hi -metal har Is actually shown occurring 
following the application of heat to it. The visual demonstration or representa- 
tion literally reproduces or reconstructs what is referred to in the verbal state- 
ment or proposition. Thus, visual and verbal presentation in this instance directly 
parallel one another. No further words are needed to connect the visual events 
and what is denoted by the verbal proposition. 

Indirect Representation ; Sometimes when the referent described in a verbal proposi- 
tion is a physical event that is tinobservable or when the referent is an abstrac- 
tion, we often rely on Indirect visimil representation. Indirect visual representa- 
tions can be used in the following situations: (l) where the physical referent 

(in a verbal pi*oposltion) is unobservable, it may be indirectly represented throu^ 
results or effects ; for example, the amount of e3q>ansion which solids undergo 
upon being heated is minute and not observable to the naked eye; a ball and ring’ 
experiment, in which a heated ball no longer passes throu^ a ring, mi^t be used 
to represent the ejqoanslon phenomenon; here, however, what is being represented is 
the inability of the ball to be extracted from the ring following the application of 
heat to it; thus it is the effect of expansion \diich is being represented directly ; 
the expansion Itself is only indirectly represented; ( 2 ) similarly, general principles 
cannot themselves be directly represented; they can, however, be indirectly repre- 
sented through specific instances ; for example, the general proposition "all matter 
expands vhen heated" cannot be directly represented; but a specific instance of a 
gas or a liquid expanding can be demonstrated and these demonstrations then serve 
as indirect visual representations of the more general verbal proposition; 

(3) abstract ideas also cannot be directly represented but can be adequately repre- 
sented iru^i-rectly by concrete inst^mces ; in talking about charity, to use a non- 
crete example, scenes of material help being given to needy persons can be presented 
visually. 

In three instances cited above Tdiere the verbally described referent is 
unobservable, is a generalization, or is abstract, indirect visual representations 
can be used. However, the visusQ. does not directly reconsia^uct or reproduce the 
verbal statement we wish to get su:ross. The visTial does not parallel the verbal 
statement, :^y Itself, the visual represents this statement only indirectly. Further 
words are therefore needed to establish the connection between the visual and ^t 
is denoted by the verbal statement. 




Analogous Representatlon t Another way verbally described referents that cannot 
be directly (or even Indirectly) represented can be represented Is by means of 
analogy. Other physlced and vlsnally perceived phenomena which operate In 
analogous fashion or have analogous properties can be \ised to represent the 
phenomena under consideration. "Electromotive force," for example, cannot Itself 
be directly or literally represented. We may, however, iise a hydraulic system 
which operates In analogous fashion to represent It. Most grajMc Illustrations, 
such as curves or bar charts are analogous representations. Fhyslced variations In 
the vls\jal representations are analogous to variations In the phenomena to be 
represented. So, for exan^le, the pie chart Is made up of areas of varying size 
that 8«*e proportional to the phenomena that are represented by It. In analogous 
representation, further verbal commentary Is needed to establish the connection 
between the phenomena presented In visual terms and the original jdienomena to be 
described or eaqplained verbally. 

Arbitrary Representation ; There are many occasions \dien short-hand visual repre- 
sentations are desired for referents which may or may not be capable of direct, 
indirect, or aneilogous representation. Phenomena such as symbols or vlsvals which 
bear no physical or even logical relationship to the referent can nevertheless be 
used to represent It. Qlie representation Is arbitrary and Is established by con- 
vention only. The symbol X may stand for the amount of rainfall in India; or the 
barber pole can stand for the barber shop; or a crest may stand for a family; a 
balance scale can stand for the abstract Idea of "justice," etc. 

The capacity of visual representations to serve as cues, discriminative stimuli, 
or reinforcers in shaping a particular verbal repertoire will be undoubtedly Influ- 
enced by the literalness of those representations. It seems clear that when the 
visTial literally parallels the verbal proposition to be acquired and has hl^ 
associative strength for that verbal proposition, it can serve effectively and effi- 
ciently in facilitating the practice of appropriate responses. Where the visual is 
a non-litersG. representation, it may be used to cue or reinforce verbal responses 
other than the ones to be acquired. This does not mean that Its \ise will be 
Ineffective. What it does mean is that it will have to serve as part of an inter- 
mediate step in reaching the ultimate behavior to be acquired. It therefore appears 
important in instructional situations eu 5 >loying visual aids that close, ansQytlc 
attention be paid to the nature of the relationship between referent and vlsml 
representation . 
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Some of the problems Involved In using visual representations of varying 
degrees of literalness have adready been uncovered during the course of an experi- 
ment already conducted for this project. In that experiment, an entirely visual 
lesson "was programmed (in the teaching machine sense) to determine Just how far 
a visual €ilone could go in generating verbal concepts. A description of this 
effort will be \iseful in clarifying some of the issues involved in relationships 
between referents and their visual representation. 
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BXraJRIMENT #1 



an e>q>erlmental study of tlie; 



feasibility of programming visual demonstrations 
relative effectiveness of visual and verbal programs 
optimum sequence of visual and verbal programs 
differential effectiveness of active and passive responding 




EXPE3RIMBNTAL EVALUATION OF VISUAL 
AND VERBAL PROGRAMS ON ARCHIMEDES * LAW 



BACKCS^OUND 

widely held principles of prograimned InstriKstlon d.escrlbe the most effective 
path of learning as one which provides for oi^tlimant control over the student's 
learning behavior. In keeping with that philosophy. It seems clear that \dien visuals 
8T6 used, they too should he used xn the maintenance of explicit control over the 
behavior practiced by the student during learning. The selection of st i mul i , 
whether verbal or visual, is such as to elicit appropriate responses and to mini- 
mize the adventitious practice of inappropriate or Incorrect responses. Instruc- 
tional advantages of visuals for verbal learning derive from already existing or 
from newly-formed associations they have with the verbal responses to be acQuired 
(or with verbal responses mesmlngfully related tO' these ultimate verbal responses). 
It is by means of these associations that explicit control can be exercised over 
the verbal responses that students are encouraged to practice. 

A first experiment was designed to explore an instructional approach In which 
visuals would be employed to maintain control over non-verbal responses . It was 
an objective of the experiment to determine the extent to which visuals could be 
used to foster student acquisition of complex concepts without using the visuals 
to elicit or reinforce explicit verbal responses. An assumption was made that by 
means of programmed visual discrimination training an alternative method was avail- 
able to aid students in acquiring complex concepts in science. That is to say, by 
acquiring the visual discriminations that comprehensively exhaust the events and 
interrelationships among events in a science demonstration. It should be possible 
for a student to acquire an understanding of those occurrences . That understanding 
mi^t consist of and be measured by the student's ability to predict future occur- 
rences of a similar but superficially quite different nature . The ability to 
make such correct predictions might occur, even thou^ a student was unable to 
verbalize about the nature of the relationships among events. Bie acquisition of 
visual discriminations, if suitably programmed, might, for example, enable a student 
to predict what will happen to a solid object after it was heated or to predict 
the reading on a scale if an object is first weired in air and then weired while 
submerged in water. Conceivably, progress thrdu^ a programmed visual lesson 
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might enable a student to make predictions in a variety of new situations he had 
not yet encountered. This achievement could serve as evidence of an understandllng 
of the interrelationships among events, whether or not the student was able to 
verbalize about those interrelationships. 

Potentially, a programmed visual lesson might in addition enable a stiident 
to state verbally a general proposition concerning what happens to all matter when 
it is heated or to describe the relationship between the weight of displaced liquids 
and the apparent loss of weight for submerged objects. Ihe acquisition of visual 
discriminations in a programmed lesson, thus may serve not only to familiarize the 
st\2dent with what occiars in a given situation following particular events. It may 
also serve to help students acquire concepts: (a) \diich describe the nat\jre of 

the observed relationships among events and (b) which constitute a more fundamental 
e^lanation of those events. Acquisition of such concepts could be measured in 
terms of student predictions about observable events or in terms of his verbaliza- 
tions about the events or about his explanation of those events. 

The experiment briefly described in this interim report seeks to explore the 
feasibility of programming a solely visual science demonstration that would teach 
students to understand Archimedes ' Law. It further seeks to explore how such 
visual pre£ ntations might be Integrated with a verbal presentation in order to 
maximize student understanding. 



DESKS? 

Experimental Lessons 

Four experimental lessons were developed each of vhlch was designed to fulfill 
the same objective, namely student understanding of Archimedes ' Law. Two of the 
four versions were entirely visiial; the remaining two entirely verbal. Qhe two 
visual versions were nearly identical in all respects except one. They differed 
from one another in that students were encouraged to respond actively to one 
not to the other. The two verbal versions differed from one another in the same 
way. 
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1 . Visual Lesson 



The visual lesson was programmed in the teaching machine sense. Uie lesson 
consisted of sequenced and repetitive demonstrations which required students to make 
visual discriminations about the occurrences they saw and on the basis of these 
discriminations to acquire the ability to predict future occurrences. Correct 
prediction of future occurrences in a criterion situation can, in this lesson, 
be used to define student \mder standing of Archimedes ' Law. 

Briefly sianmarized, the demonstrations show the relationships between the 
apparent loss of wei^t for a submerged object and the wei^t of the water it 
displaced. Some of the discriminations required of the students may be more effec- 
tively described by means of photographs taken during the recording of the 
demonstration. 




Figure 1 



The apparent loss of weight 
for submerged objects was 
demonstrated by submerging 
an object attached to a 
hanging scale. When the 
object was submerged, the 
counterclockwise excursion 
of the scade pointer indi- 
cated the apparent loss of 
weight (see Fig. l). 



The demonstration was repeated with different sized objects (see Fig. 2). Students 
were then required to predict what the scale readings would be when new objects 
were submerged in water. They were presented with a multiple choice situation 
enabling them to predict which scale reading would result if a new object were 
submerged. Figures 3 and show scenes indicating how choices were made available. 
From left to right, the possible choices were: no change, a decrease in scale read 

ings, and finally an increase in scale readings. Following an occasion for student 
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responding^ the new object would be submerged and the actual decrease in the scale 
reading shown. Ihe actual occurrence provided students vith feedback as to the 
correctness of their own responses • 




Figure 2 




Figure 3 ^ 

Another set of discriminations built up had to do with the size of an object 
and the resulting displacement of water (measured by the amount and wei^t of the 
overflow). Following repetitions of a demonstration of this inteirelationship 
and the opportunity for students directly to compare object sizes and amounts of 
overflow (see Fig. 5) the student was expected to predict an amount of overflow. 
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relative to that Jiist demonstrated for a different sized object, vhich would result 
from an object not yet used in the demonstration. Figure 6 shows the choices 
offered students and also shows the identification of the correct response pro- 
viding them with confirmation as to the actual amount of overflow to be expected 

for the trial object. 




Figure 5 Figure 6 



Still another discrimination to be acquired, was that involving the amount and 
weight of overflow and the magnitude of the buoyant force. Buoyant force had been 
Illustrated analogoiisly in prior sequences by a flashing arrow. The magnitude 
of the force was represented by the size of the vector as shown in Figure 7®>» 

Figure 7b shows the instructor presenting two amounts of overflow. As part of 
the lustructional sequence, he would t]ien show the relative difference in buoyant 
force, or in sub-criterion portions of the lesson he would require students to 
predict, the relative magnitude of the buoyant force resulting if the amount of 
overflow was like that found in a second or new beaker. As shown in Figure 8 the 
relationship between size of object, amount of overflow, and buoyant force was simi 
larly illustrated and provided students with the occasion to predict the relative 
size of the buoyant force for different sized objects. 



- Ik ^ 




Pigure 7a 



Figure 7b 




Figure 8 



g^n^^^fiy discriminations were built iip throu^out the entire lesson until all 
the relevant relationships Involved in ihrchimedes ' Lav^ as described in the lesson 
objectives, were covered. In later instructional sequences, students were expected 
not only to select the correct answer from among choices, they were also expected 
to construct responses* For example, they were required, having been shown the 
wei^t of the overflow, to indicate the magnitude of the buoyant force for a 
particular submerged object. 






As shown in Figure 9> the instructor illus- 
trates how they are to indicate their answer. 
If they thought the buoyant force was of a 
two -unit magnitude^ they were instructed to 
cross -out two units on their response forms. 
(The pointer on the dietary scale Indicates 
that the overflow in this exanple weighed 
six units. The correct response, thus, 
would consist of crossing out six units on 
the vector.) 



Students had response forms which, in "the case of multiple choice respond in g, 
paralleled the choices presented on the screen. Constructed responses were made 
by Tnft^r ^c^T^g X’s against or circling appropriate scale values. 

The visual lesson was prepared so as to enable students to respond appropriately 
in a visual criterion situation, namely, being able to identify the Identity in 
values for the weight of the overflow , the magnitude of the buoyant force, and 
the magnitude of the apparent loss of weight. The lesson was programmed and recorded 
on tape. It was then shown to six trial subjects similar in age and background as 
those who would participate in the experiment proper. This tryout was for the 
purpose of determining the error rate in student responding. Based on the results 
of this tryout procedure, a second and a third version were prepared and recorded. 

The third and final version produced a relatively low average error rate of 10^ 
and was retained for the experiment. Ohls version was approximately ^5 minutes 
in duration, containing those sequences which on the basis of the pre-test were 
Judged necessary to bring students up to criterion performance. 

It should be pointed out that althou^ the lesson has been described as a 
solely visual lesson, words were used at various strategic places. They were 
used primarily to encourage and direct student responding. They were in no sense 
designed to cue particular responses. The instructor, following a sequence of 





actions^ nlgh'b say: "If X do 11/ lo Ihls one^ vlU It be like here) will It 

be like this, like this, or like this?". During the spoken phrases "like this, 
etc." a stage hand might point to three different readings on the sane sceULe or 
to three different sceJ.e models each with a different reading, ^us, althou£^ It 
Is evident that asking a question tended to direct the kinds of response that would 
be made. It did not cue the actual, correct response. Cuing of correct responses 
was accomplished by the sequence of visual events. 

The alternate version of the visual lesson consisted of the same sequences 
as Just described. However, they did not provide occasions for student responding 
nor did they offer alternative possible outcomes. Students watching this version 
merely saw the correct relationships among events vls\ially demonstrated. They were 
not given the opportunity to predict outcomes for new €uid as yet undemonstrated 
events . To make up for the extra time that was required by and that ml^^t possibly 
favor the group watching the original version, some strategic seq.uences .were repeated. 
This cULternate version was approximately 35 minutes in duration. 



2. Verbal Lesson 



A verbal lesson was prepared based on the same lesson objectives that guided 
the preparation of the visual lesson. Tbat Is to say, the facts and concepts having 
to do with Archimedes * Law were spelled out In behavioral terms and guided the 
preparation of both versions of the lesson. The verbal lesson was programmed and 
tried out severs^, times. During these tryouts students were allowed to pace them- 
selves careful records were kept of the amount of time students required to 
complete particular response segments. Since the TV presentation would be paced 
and a fixed time allotted to each response segment, these records were later used 
as a basis for determining the appropriate duration for presenting each of these 
response segments. 

Following a tryout and revision resulting In a programmed verbal lesson that 
yielded an average error rate of approximately 10^, the lesson was recorded on 
video-tape (see Figs. 10 and ll). 
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Figure 10 



1 



I 



I 



i 



The lesson consisted of sen- 
tences containing bl ank s which 
students were re juired to fill 
in (on their work forms). 
Following the allotted dura- 
tion for each sentence, the 
correct response in bold 
print and in another color was 
popped on in the blank slot 
(see Figs. 12 and 13). After 
sufficient time for students 
to read the correct response. 




Figure 11 



the card was pulled revealing the next card containing a sentence with a blank space 
to be filled in. Althou^ this \ra,s essentially a visual presentation of printed 
material, the instructor did systematically call out the numbers of the pages stu- 
dents were supposed to be working on and also called their attention to the screen 
when the response was being presented on the screen. This served two functions. 

It tended to preclude an entirely soundless and potentially monotonous presentation. 
It also served to prepare students for changes in the presentation and thus could 
aid all students in keeping pace with the presentation. 
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Figure 12 



Figure 13 



The verbal lesson was almost entirely verbal In nature. Occasi ona ll y there 
were brief camera shots of an object on a scale or an object submerged under water. 
These shots were very brief and did not Include any action. Diey served merely 
to facilitate the verbal programming by precluding the need for additional, and 
possibly needless, tlme-consiimlng sentences. The entire verbal lesson lasted 
approximately one hour. 

Tbie alternate version of the verbal lesson provided students no occasion for 
responding. They were shown only sentences with blanks already filled in (as in 
Fig. 13 )• Each sentence was eJJLotted approximately as much time as was eJJLotted for 
students to respond In the original version. The time allotted for popping on the 
correct answers was eliminated. In genera^., time for each sentence was reduced, 
primarily because the durations allotted for responding would have been excessive 
from the point of view of maintaining student attention and Interest (as pre-testing 
had Indicated). Ihis version of the lesson lasted approximately Uo minutes. 



Design and E^erlmental Variables 

The four e 3 q>eriment€j. lessons were combined and compared In various ways to 
answer a number of research questions. They were the following ei^t experimental 
groups as summarized in Table 1. Except for groups seven and ei^t, all groups 
were given two versions of the lesson on Archimedes ' Law, but in different orders 
and combinations. 
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Design of Experiment 




!Rils design msdces It possible to Investigate the following reseaayh probl ew g t 
(a) the feasibility of prograimnlng visual demonstrations; (b) the relative effec- 
tiveness of verbal and visual programs; (c) the optimal order of presenting '^oth 
verbal and visual programs; and (d) the effect on learning of active vs. passive 
respo ndin g to verbal and visual programs. A conq?arlson of achievement test results 
administered to the various groiips Included In the e^erlmental design before, 
immediately atfter^ and on a delayed basis permits an exploration of the effects on 
learning of the following variables: 

- - active responding vs. no active responding 

- visual vs. verbal modes of presentation 

- - order of presentation 

- - time of testing 



Alternate forms of an achievement test were developed to cover all the 
material specified in the statement of lesson objectives. The tests were pre- 
tested and Items revised based on an administration to a class which would not 
participate In the experiment but which was similar In grade level to the classes 
that would participate. Ihe basic difference between them was that the pre-test 
group had already received instruction in Archimedes ’ Law. Item dlffLcijlty level 
and item discriminative power was based on an analysis of their test results. 

Items were revised based on these results. 

Ihe achievement test was divided into two parts: a verbeJ. part a visimtl 

part. Ihe verbal part of the test consisted of multiple choice questions about 
concepts relating to Archimedes' Law, including some numerical computation. The 
visual part of the test consisted of pictorial representations of objects, scales, 
beakers containing displaced liquid, etc. Problems, althou^ verbally stated, 
depended for their solution on st\adents visually perceiving objective facts and 
relationships. The problems approximated those with \dilch students had to deal 
during the visual program and with which they might have to deal in the physical 
world. 
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Subjects 



Subjects were el^th grade students drawn from classes wblch regularly 
watch junior hl^ school science televised over station WQJID In Pittsburgh. 

Althou^ It was not feasible to assign students from each class randomly across all 
eight experlmenteJ. conditions^ It was possible to make random assignments to sets 
of two eaqperlmentaJ. conditions . Students from each class were matched for IQ and 
pre-test scores on the achievement test. One member of each matched pair was 
assigned at random to one condition In a set of experimental conditions (for 
example^ to group l) the other member to the second condition (for example^ 
to group 2). The sets to which such random assignments were made consisted of: 

(a) groups 1 & 2; (b) groups 3 & 4; (c) groups 5 & 6; and (d) groiips 7 & 

Twenty-five students were assigned to each of the el^t experimental groups . 



Procedure 

Two weeks prior to the date In which he would participate In an experiment, 
each student took an achievement test to determine the level of his prior knowledge 
of the subject matter. Aptitude tests were also administered to students prior 
to the experiment at the administrative convenience of the schools. 3he Aptitude 
Promise Tfest published by the Psychological Corporation was \ised to measure verbal 
ability and abstract reascming skills, \dilch were judged to be related to perform- 
ance In the verbal and visual versions of the lesson respectively. Students were 
then brou^t Into the studio of WQED on the day of the experiment (conducted on two 
separate Saturdays) to view the experimental lessons over closed clrciiit television. 
One group of subjects viewed one vopslon of the lesson on monitors In one studio, 
while a second groi^ viewed another version (according to which experimental group 
they belonged) In another studio (see Figs . l4 and 15) . Students then took one form 
of the achievement test. Following a ten -minute break, students entered the alter- 
nate studio to receive their second lesson (either a repetition of the first or 
another version as per the design of the expariment) . The alternate form of the 
test was administered fo3J.owing the second version of the lesson. Two weeks later 
the first form of the test was administered once again, this time In the schools. 
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Figure ih 



Figure 15 



RESULTS 

BartleQ. analyses of the data have been caupleted providing preliminary results 
hearing on the following research Issues: (l) the relative effectiveness of visual 

and verbal programs; ( 2 ) the optlnal order of visual and verbal programs; and (3) 
the relative effectiveness of active euid. passive versions of visual and verbal 
programs. 

1 . Comparison of Visual and Verbal Programs 

The results of an achievement test administered to students Immediately after 
seeing either the visual program or the verbal program were analyzed to determine 
whether students made a significant gain In their knowledge of i\rchlmedes' Law. 

A separate gains analysis (pre-test minus post-test scores) was performed for 
istudents who had only seen the visual program. A similar anetlysls was performed 
for students \dio had only seen the verbal program. 

a. Visual program : Students yho watched and responded to the "active response" 

visual program made an average gain of 5*8 points on the total test score# (The 
total possible score on the test was 38 points^ with students averaging approximately 




50^ correct on the pre-test.) A t-test for difference scores showed, this gain to 
he significant at the .001 level of significance. 03ahle 1 snimnarizes this result. 

h. Verbal program ; Students who watched and responded to the "active response" 
verbal program made an average gain of ^.12 points on the total test score. A 
t-test for difference scores showed this also to be a significant gain. This result 
is also sinmnarized in Table 1. 



TABLE 1 

Gedns Analysis of Toteil Score For 
VlsuEd and Verbed Programs 



Visual Program Verbal Program 



Pre-test average scare: 


20.1 


Pre-test average score: 


20.7 


Post-test 


average scare: 


25.9 


Post-test average score: 


25.8 


Mean gain 


5.8 




5.12 




S.D. 


4.37 




5.04 




t 


8.4 




6.4 




d.f. 


39 




39 




P 


.OOl^f** 




.001*** 





***slgnlficance at the .1 percent level 



c. Visual vs. verbal programs : There were no significant differences in gains 

on total test scares between students who had watched the vl£'ual program euid students 
who had watched the verbal program. After receiving Instruction on 
Archimedes' Law, both groups made gains on the achievement test of approximately 
255^* Significemt differences were found between visual and verbal groups, however, 
when the visual and verbal portions of the achievement test were a nalyzed separately. 

The visual test consisted of pictorial items about which the student was required 
to make discriminations, which if appropriately made, woiald indicate that he under- 
stood Archimedes' Law. Figure l6 presents a sample visual test item. 
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figure l6 



12. Ihese four objects are each put into a sepeupate tank of water. 




Amount of 
Force 



B. 

Weight of 
Overflow 



Each of these scales indicates the amount of push the water exerts on each of 
the above objects. 




Which force goes with which object? Write in the correct amount of force below 
each object in row A. 



Each of these scales Indicates the weight of t*ie overflow caused by each object. 





A 





Which overflow goes with Tdiich object? Write in the correct weight of the overflow 
for each object in row B. 
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liable 2 stumnarlzes the performEuice on the visual test for students “who had received 
the visual program €uid sdso for students who had received the verbal program. (Tiie 
total possible score on the visual test was l6.) 



TABLE 2 

Gains Analysis of VISUAL TEST Scores 
For Visual and Verbal Programs 



Average score on pre-test 
Average score on post-test 



Verbal Program 
9.6 
10.5 



Visual Program 

9.1 

11.5 



Average gain 

S.D. 



.95* 2.35* 

2.78 2.95 



*The difference in gains between students receiving the visiial program and students 
receiving the verbal program was significant at the 5 percent level. 



An analysis of variance showed the difference in gains on the vis\]al test 
between the verbal program and visual program groups to be significant at the 5^ 
levels with the group of students who had watched the visual program outperfo rm i n g 
the group of students who had watched the verbal program (F=4.55 I/76 d.f.). 

Students who had watched the verbal program made a gain of only 10^ on the visual 
test as against a gain of approximately 25^ made by the students who had watched 
the visual program. 



On the verbal test, no overall significant difference was found between visual 
and verbal groups. An analysis of variance did, however, show a significant inter- 
action between type of program watched and IQ. Table 3 summarizes the gains on the 
verbal test made by hi^ and low IQ students vto watched either the visual or verbal 
programs . (The number of points possible on the verbal test was 22 . ) 
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TABLE 3 

Gedns Analysis of VERBAL TEST Scores For and Low IQ 
(xTOups Watching either Visual or Verbal Progrsns 



IQ Lov IQ 





Verbal Program 


Visual Program 


Verbal Program 


Visual Program 


Average 
Pre-test score 


13.0 


13.2 


9.3 


8.8 


Average 

Post-test score 


17.8 


15 7 


12.8 


13.2 


Average gain 


4.8 


2.5 


3.55 


4.4 


S.D. 


3.3 


2.5 


3.7 


3.1 



The analysis of variance of the Interaction between IQ and type of program 
watched was significant at the 5^ level (P=4.56 with d.f, I/76). Subsequent t-tests 
performed separately for the hi^ and low IQ groups Indicated that only for the 
hi^ IQ group was the difference between verbal and visual groups significant 
(t=2.42 at 19 d.f.; P=.03*). Among high IQ students, those who watched the verbal 
program made a significantly hi^er gain In achievement (approximately 37^^) than 
did those \dio had watched the visiaal program (approximately 19^) . 

2. Comparison of Order of Presentation 

The analyses Just summarized were for results of tests administered after 
students had watched either a visual or a verbal version of the lesson on Archimedes * 
Law. Students during the course of the entire experiment ultimately saw both verbal 

visual versions of the lesson on Archimedes ' Law. One group saw the verbal 
version first followed by the visual version. A second group also saw both versions 
but In the reverse order . A comparison of these two groups which saw both versions 
of the lesson but in different orders reveals that st\adents yho saw the visual lesson 
first followed by the verbal version made significantly greater gains on the achieve- 
ment tests administered at the conclusion of both versions (F=5*75 l/20 d.f.; 

P=.05*). M)le 4 summarizes the results showing the superiority of the visual/verbal 
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order. Students vho had received the lessons in the vlsual/verhal order made a 
gain of approximately over tuelr initial level of knowledge as opposed to only 
22$ far students who had received the lessons in the reverse order. 



TABLE 4 

Gains Analysis of TOTAL TEST Scores For Groups Watching 
both Visual and Verbal Lessons in Different Orders 



Visual/Verbal Order 

Pre-test score 18.9 

Immediate post.- test score 26.5 



Verbal/Visual Order 
20.1 
24.7 



Average gain 7*57* 

S.D. ^*7 



4.52* 

4.8 



*The difference in gains between the groups watching the lessons in different orders 
was significant at the p percent level. 



3, Comparison of Active and Passive Versions of the Visual/Verbal Order 

There were eujtlve and passive versions of both the visual and the verbal lessons. 
A conqparison could thus be made for students receiving the lessons in the visual/ 
verbal order but in either active or passive versions. Tables 3f 6 , and 7 show that 
on tests administered: (a) immediately following the visual version j (b) Immediately 

following the conibined visual/verbal presentation# and (c) on a delayed basis two 
weeks later — students who watched and responded to the active response versions 
averaged hi^er on a verbal test ( 17 -polnt test) . The differences in gains between 
the active response group and the passive group were statistically significant# as 
revealed by an analysis of variance: for the test immediately following the visual 

lesson (P«.05*)j for the delayed test (P«.01**)j but not for the Immediate post- 
test. verbal items of the delayed test# the active response group made 

gains of approximately 65 ^ against only 20^ made by the passive response group. 



TABLE ^ 

Gains Analysis of VERBAJx TEST Administered after 
the Visual Lesson to Active and Passive Response Gro\:^s 



Vlsual/Verhal Order 





Active Response Group 


Passive Response Group 


Pre-test meein 


6.61 


7.89 


Post -test mean 


10.19 


9.18 


Mean gain 


3.55* 


1.2* 


S.D. 


3.3 


2.8 



*13ie difference "between active and passive response groups was significant at the 
5 percent level. 



TABLE 6 

Gains Analysis of VERBAL TEST Administered limnedlately 
after Both the Vlsml/Verhal Lessons to 
Active and Passive Response Groups 



Visual/Verhal Order 

Active Response Group Passive Response Group 



Pre-test mean 


6.61 


7.89 


Post-test mean 


11.42 


u.i4 


Mean gain 


4.78 


3.15 


S.D. 


3.00 


2.36 
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TABLE 7 



Analysis of VEEIBAL TEST Administered Two Weeks 
after Receiving Vlsiial/Vsrbal Lessons to 
Active and Passive Response Groups 



Vlsual/Verbal Order 



Active Response Group 



Passive Response Group 



Pre-test mean 
Post-test mean 



6.61 

10.98 



7.89 

9.58 



Ifean gain 

S.D. 



4.3** 

3.07 



1.6** 

2.57 



**The difference bet^reen active and passive response groups was significant at t}ie 
1 percent level. 



THiP results of the present e 3 q>eriment indicate that students can leam effec- 
tively from programmed verbal matei'ials presented over TV. This is in keeping with 
previous findings of Gropper emd Lumsdalne (^) who found that group instruction 
over TV can be made more effective by programming lessons and requiring active 
student responding. The results of the present experiment also reveal the feai'.l- 
■bility suid effectiveness of programming non-verbal ^ visual lessons. Students who 
practiced appropriate visual discriminations during a programmed visual lesson made 
significant gains In their knowledge and understanding of Archimedes' Law. It 
thus appears that by suitably programming visual demonstrations and by requiring 
students to make visual discriminations based on those demonstrations, formation of 
concepts can be stimulated. The visual programs employed In this experiment not 
only enabled students to make correct discriminations during instruction and after- 
wards in the criterion situation but they also enabled students to verbalize about 
the principles covered by the lesson. That students would be able to transfer the 
discriminations acquired during instruction to the criterion situation Is not al- 
together surprising. But that they should in the criterion situation also be able 
to verbalize the concepts explaining the programmed visual events woiald not 



DISCUSSION 
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necessarily have been predicted. Whether or not these findings are generalizahle 
to the use of other visual demonstrations may he a function of the visual events 
e«®loyed and the referents they are supposed to iUustrate. Further visual pro- 
gramming and more systematic manipulation of dimensions of representation vith other 
topics will he necessary for generalizahle conclusions about the potentialities 

and limits of visual programming. 

m comparing the relative effectiveness of the visual program and the verbal 
program, it was found that the visual program better prepared students for per- 
formance on the visual test. Practicing visual discriminations during instruculon 
thus enabled students adequately to make similar discriminations on the criterion 
test. Since the kinds of discriminations required by the test are in turn similar 
to behaviors typically required in the ultimate criterion situation, namely inter- 
pretation of real world physical events, it would appear that the kinds of behavior 
students practiced during the visual program m«y be particularly beneficial in 
preparing them for observing and ejcplaining events in the real world. On the basis 
of performance on the criterion test, the visual program better prepared students 
far this type of performance than did the verbal program. 

on verbal tests measuring student ability to verbalize about Archimedes- tow, 
no significant difference was found between the effectiveness of the visual and 
verbal programs. There was, however, a significant interaction between type of 
program and TQ level. Among high IQ students, those who had watched the verbal 
program were significantly better able to verbalize about the relationships and 
concepts involved in Archimedes ' tow than were students who had watched the visual 
program. Among low IQ students, the reverse finding was found. Althou^ this latter 
finding was not statistically significant, there was a tendency for the low IQ 
students to be able to take better advantage of the visual program than of the 
verbal program. On the basis of these preliminary findings, further exploration 
of different modes of instruction that can accomn»date different patterns of student 

ability Is clearly Indicated. 

In general. It Is suggested that the meaningfulnees of demonstratlonal events 
(by ^ch is meant the nature and strength of the verbal associations with those 
events) wiU determine the ease with which concepts will be acquired on the basis 
of visual discrimination training. Ohe weaker the associative strength between 
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demonstrational events and verbal responses (as for example In the case of analogous 
representation), the less readily will those events adequately facilitate the 
acquisition of appropriate concepts . In the present experiment, it proved more 
difficult (as measured by student ability to acquire the appropriate concepts) 
to program visual sequences using analogous rather than direct or indirect repre- 
sentations • Ihe relationship between object size and resulting amount of liquid 
displacement co\jld readily be shown directly and was easily discriminated by stu- 
dents. The use of a vector, an analogous representation, for the buoyant force of 
water, less easily led to student tinder standing. This differential effectiveness, 
it Is suggested, is due to the hl^er associative strength (with verbal responses) 
for direct than for analogous representations. 

It should, perhaps, be reiterated at this point that students saw both visual 
and verbal programs . Each complete program was viewed before students saw the 
other. The order in ^Ich programs were viewed made a significant difference for 
the in measured ewhlevement that students made. Students who saw the visual 

program before being exposed to the verbal program outperformed those who saw the 
visual program after seeing the verbal program. Acquiring visual discriminations 
about demonstrated physical events appears to prepare students to be better able to 
benefit from a verbal explanation of those events when the acquisition of the dis- 
crimination precedes rather than follows the explanation. The verbal explanation 
is perhaps better unders4ood only after the events and relationship among events of 
the demonstration are adequately discriminated. Thorough familiarity with concrete 
events and their interrelationships may, thus, better prepare students for the more 
abstract verbal description and explanation which follows. 

It would appear that, based on the findings of this experiment, demonstration 
should precede explanation. But, it should be noted that it is a demonslaration of 
a particular namely, one in which discriminations about demonstrational 

events their interrelationships are acqtiired . It should also be noted that 
the demons tre tions used in this study were complete, self-contained demonstrations 
designed to facilitate the acquisition of all the significant concepts covered by 
lesson objectives. They were not like conventional demonstrations which merely 
accompany a verbal presentation or are accompanied by a verbal commentary. 

There seems to be little reason why in conventional lessons short demonstra- 
tional sequences could not be interspersed with verbal material, with alternating 



visual dlscrlniiDa'bloii and verbal response sequences unbll all lesson topics are 
adequately covered. 

A further significant finding in this experiment was that among those who 
viewed the programmed lessons in the visual/verbal order ^ gains in knowledge were 
better retained by those who made active, overt responses than by those who saw 
comparable lessons which did not require such responding. This is fully in keep- 
ing with findings from research on participation techniques employed in teaching 
machines or filmed instruction. 






CONCSLUSION 



CONCLUSION 



Two contrasting approaches to the use of visuals In verbal -conceptual learning 
have been described. One approach^ described in the introductory section to this 
interim report, called for the use of visuals In cuing euid reinforcing verbal 
responses . Explicit verbsG. responses can be systematIceJJVy brought under the 
control of visual stimuli thereby building up a verbal -conceptual repertoire. 

This Is accomplished by student practice of appropriate verbal responses. 

A second approach, briefly delineated in the experiment just described, calls 
for student practice of visual discriminations of events and their interrelation- 
ships during the course of visual demonstrations as a means of facilitating the 
acquisition of concepts. Visuals can be programmed or manipulated In such a way 
that control Is exercised over the visiial discriminations to be practiced. In 
this particular experiment, the visual discriminations practiced and the sequence 
In which they were practiced led to student acquisition of the concepts 8Uid prin- 
ciples involved in Archimedes' Law. On the basis of this programmed visual lesson, 
not only did students become able to discriminate among events in the demonstra- 
tion, but they also acquired the concepts and principles that explained the inter- 
relationships among those events. Student ability to verbalize about those events 
was evidence of this latter acquisition. 

In conventional uses of demonstrations, demonstrations either precede, follow, 
or accompany a verbal explanation. They may also contain verbal descriptions of 
events and their Interrelationships. Rarely, however, are students themselves 
required to learn how to describe the events of a demonstration in verbal terms or 
to acqiiire discriminations about the same events, l^yplcally, the demonstration Is 
used to Illustrate (with varying degrees of literalness) what has been stated 
verbally. The events of the demonstration may ailso be described verbally, and 
this may be followed by a verbeG. presentation which attempts to make the connection 
between the visual and verbal portions of the demonstration. Under any of these 
conditions, with no opportunity for students to practice verbel responses which 
would label the events and their interrelationships or with no opportunity for them 
to practice the discriminations that would serve a similar ’’labeling" function, 
students may fall to make the proper connection between verbal esqplanation and 
visual illustration. 



Ibe requirements for an optimum demonstration^ that Is^ whether verbal re- 
sponses or visual discrimination or some combination of the two are to be prac- 
ticed, may be a function of: (a) jthe natiare of Instructional objectives; (b) the 

characteristics of the referents to be represented; and (c) the type of visual 
representation employed. Ihe experiment described In this Interim report repre- 
sents a first attempt to program a visual demonstration and, as such, the variables 
Just listed were not systematically treated. Further analytic study of the 
Influence that the dimension of literalness of representation has on the effective- 
ness of either of the two Instructional approaches Is particularly Indicated. 
Similar studies with different objectives, e.g., whether the events of a demonstra- 
tion are to be recalled or whether they are to be explained, euid with different 
lesson content are also Indicated. 

Future plans for the remainder of this project call for, within time and 
budgetary limitations, consideration of one or more of the following problems: 
methods of visual programming; the relationships between kinds of visual discrim- 
inations practiced and the concepts they can generate; comparative effectiveness 
of verbal or visual stimuli used to cue and reinforce responses. 

Effective Instruction can result from the optimum use of integrated vlstjal 
and verbsQ. presentations. Empirical answers to the kinds of questions introduced 
here are needed for the development of an applied technology of s\ach Integrated 
presentations . 
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